Pseudomonas aeruginosa. Since their observation, CA has now been shown to cross-react with an equivalent antigen from more than 60 different bacteria, including gram-negative and positive bacteria, treponemes, and even archebacteria (14, 20, 27) . The CA of all bacteria investigated so far has a subunit molecular mass in the range of 58 to 65 kDa. The definite function and localization of CA is still unknown, but it must play an essential role since it is phylogenetically so well conserved. The wide distribution of this antigen in bacteria, including those of the normal bacterial flora, explains the frequent occurrence of antibodies to CA in human and animal sera and may account for the low diagnostic specificity of serological tests using whole bacterial antigen preparations as the test antigen. Recently, the CA of Mycobacterium bovis has been shown to be involved in the pathogenesis of experimental autoimmune arthritis (29, 29a) .
Since all these observations could be of great importance to the serology and clarification of the pathogenesis in Lyme borreliosis, we decided to look for a B. burgdorferi CA. In this study, we RESULTS CIE of sonified B. burgdorferi against polyspecific rabbit antibody to the same organism (BN98) revealed at least 20 different precipitates (Fig. 1A) . When a monospecific antibody to the CA of P. aeruginosa was added to the intermediate gel, a well-defined precipitate was retained (Fig. 1B) . This indicated a strong cross-reactivity between the CA ofP. aeruginosa and the antigen of the retained precipitate, which was therefore designated the CA of B. burgdorferi.
The retained B. burgdorferi CA precipitate was excised, homogenized, and subjected to SDS-polyacrylamide gel electrophoresis and WB. A single 60-kDa band was detected by a polyspecific rabbit serum (BN98) (Fig. 1C) and by the monospecific antibody to the CA of P. aeruginosa (data not shown). Figure 2 shows a WB of B. burgdorferi whole-cell lysate immunostained with a polyspecific serum from a patient with ACA and monospecific antibodies against the CA of three different bacteria: P. aeruginosa, T. pallidum, and L. micdadei. The 60-kDa subunit was recognized by each of the sera, indicating the broad antigenic cross-reactivity of this protein.
To evaluate the human immune response in Lyme borreliosis against B. burgdorferi CA, we used CIE, including sera from patients with ACA in the intermediate gel. Ten sera from different patients were investigated. All sera showed a strong reaction with B. burgdorferi CA (Fig. 3A) . To demonstrate the unspecificity of this reaction, we investigated ten sera from patients with cystic fibrosis known to have frequent P. aeruginosa infections. Four of these showed a similar retention of B. burgdorferi CA (Fig. 3B ). All the sera of patients with cystic fibrosis were negative when subjected to the B. burgdorferi-flagellum enzyme-linked immunosorbent assay indicating (10) , that they were not infected with B. burgdorferi.
Indirect immunofluorescence showed no fluorescence on whole B. burgdorferi cells with the monospecific antibody to P. aeruginosa CA. gested that it could be the CA of B. burgdorferi. The identity of the cloned 60-kDa antigen with the CA of B. burgdorferi was established by reactivity with the monospecific antibody to P. aeruginosa CA (Fig. 4) .
The expression of the cloned B. burgdorferi CA was not controlled by the PL promoter of pPLc236, since equal amounts of the 60-kDa antigen were produced at 28 and 42°C. The redundant helper plasmid pcI857 was removed by excision of the plasmid pKH1 encoding CA from an agarose gel electrophoresis, followed by retransformation of DH5. (Fig. 1A and B) . The position and morphology of the B. burgdorferi CA precipitate corresponds to the equivalent CA precipitate of two other spirochetes, T. pallidum and Treponema phagedenis (14) . Excision of the CA precipitate, application to SDS-polyacrylamide gel electrophoresis and WB, and subsequent immunostaining with a polyspecific rabbit antiserum to B. burgdorferi revealed a single 60-kDa band (Fig. 1C) . This subunit molecular mass is in accordance with the findings for other bacteria. The CA of P. aeruginosa has been purified and characterized as a protein with a native molecular mass of 695 to 900 kDa, consisting of 59-to 62-kDa subunits (24) . The subunit molecular mass of T. pallidum and L. micdadei is 60 kDa (13, 20 ; J. M. Bangsborg, M. T. Collins, N. Hoiby, and P. Hindersson, manuscript submitted), whereas the CA of mycobacteria is 65 kDa (23, 27, 32) . The 60-kDa protein of B. burgdorferi, as well as the 41-kDa protein, is a major protein of all B. burgdorferi strains (Wilske et al., in press) . The cross-reactivity of the native and cloned B. burgdorferi CA is illustrated by the reactivities with monospecific sera against the CA from different bacterial species (Fig. 2 and 4) .
The extent of amino acid homology between the CA of different bacteria is a matter of great interest. Using CIE, HsSiby (16) demonstrated that the immunological crossreactivities ranged from 25 to 100%. He proposed that CA had highly conserved and thus cross-reactive epitopes, as well as species-specific epitopes. This concept is supported by several recent studies using different panels of monoclonal antibodies to the mycobacterial 65-kDa antigen (23, 27, 32) . Some of these monoclonal antibodies reacted broadly with a protein in the range of 58 to 65 kDa in many different bacteria, whereas the pattern of reactivity of others was genus or species restricted. This also explains why a widely cross-reactive monospecific antiserum to purified Legionella CA could be made species specific by sequentiel absorption with different non-Legionella bacteria (20) .
The amount of comparative data on CA from different bacteria is increasing, especially since the genes encoding the CA of Mycobacterium tuberculosis (33) (30) .
Further comparative data will soon be added, since the sequencing of the DNA encoding the CAs of T. pallidum, L. micdadei, and B. burgdorferi is in progress.
The subcellular localization of CA has not been finally clarified. Gillis et al. (8) found that the 65-kDa protein of M. leprae was associated with the cell wall, since the antigen was found in the insoluble fraction after disruption of the cells. De Bruyn et al. (7) showed that M. bovis excreted large amounts of the 65-kDa antigen into the culture fluid but only under zinc deficiency. When cultured under normal conditions, the 65-kDa antigen was only present in the soluble cellular extract. Hitherto, only Thole et al. (27) tried to localize CA by immunoelectron microscopy. Gold-labeled monoclonal antibody to the 65-kDa mycobacterial antigen was used. In a recombinant E. coli hyperexpressing mycobacterial CA, gold-stained antigen was found exclusively in the cytoplasm. In M. bovis, labeled antigen was found mainly in the cytoplasm and only occasionally in the periplasm. Plikaytis et al. (20) , investigating the 60-kDa CA of Legionella spp., found no evidence of surface exposure by indirect immunofluorescence, using a monospecific antibody to purified Legionella CA. These observations are in accordance with our findings regarding B. burgdorferi CA. Indirect immunofluorescence with a monospecific antiserum to P. aeruginosa CA was negative, and differential centrifugation of sonicated B. burgdorferi and sonicated E. coli DH5(pKH1, pcI857) expressing B. burgdorferi CA showed that the CA was found in the soluble fraction.
The phylogenetic stability of this antigen is puzzling and suggests a vital but so far unknown physiological function. Recently, several investigators found a striking amino acid sequence homology (65%) of the carboxy-terminal third of mycobacterial CA (22) and C. burnetii CA (30) with an amino acid sequence deduced from the DNA sequence data of an E. coli gene cloned by Chanda et al. (6) . This gene was believed to be the ams gene, which is thought to influence mRNA stability in E. coli. However, plasmids encoding the CA of C. burnetii (30) and T. pallidum (Peter Hindersson, unpublished observation) could not complement the amsdeficient mutant.
Shinnick et al. (23) showed that the amount of M. tuberculosis CA and of the cross-reacting E. coli 60-kDa antigen increased considerably in cells grown at a higher temperature. Furthermore, they presented evidence for the correspondence of mycobacterial CA with an E. coli 60-kDa heat shock protein known as the GroEL protein. The GroEL protein is involved in phage lambda morphogenesis. The amino acid sequence of the GroEL protein and the CA of M. tuberculosis showed about 54% homology. Similar data were recently presented for the cloned CA of C. burnetii (30) , indicating that CA indeed is a heat shock protein. The CA may thus be essential for the cells in various stress situations, for instance, exposure to environmental hazards and host defence mechanisms.
The CA of M. bovis has been implicated in the pathogenesis of experimental adjuvant arthritis in Lewis rats (29) . Van Eden et al. (29) were able to isolate a T-cell clone designated A2b, which induced arthritis in these rats. This T-cell clone was shown to be specifically stimulated by the CA of M. bovis and components of cartilage. A corresponding suppressor T-cell clone, A2c, able to protect against arthritis was also stimulated by M. bovis CA. Using the arthritogenic T-cell clone and truncated peptides of cloned M. bovis CA, the arthritogenic epitope was localized (29a).
The presence of this or a cross-reactive epitope in the CA of different bacteria remains to be elucidated and may explain why only some of the many bacteria expressing CA are associated with arthritis. Bacterial species, including Klebsiella, Shigella, Salmonella, Yersinia, and Campylobacter spp., have all been suspected to be involved in human arthritis. Therefore, a possible role of CA in autoimmune arthritis is of particular interest in the context of the unresolved pathogenesis of Lyme arthritis. The cloning and The wide cross-reactivity of CA has implications for the interpretation of serological tests using whole-cell antigen preparations. Hyiby (16) showed by CIE that 54% of 151 healthy controls had precipitating antibodies against the CA of P. aeruginosa. These antibodies are probably a result of frequent exposure to common bacteria, including the normal bacterial flora. CIE with sera from ACA patients demonstrates that the human immune response to B. burgdorferi includes a strong reaction to CA (Fig. 3A) . A comparable reactivity of sera from patients with cystic fibrosis known to have frequent infections with P. aeruginosa illustrates the unspecificity of the B. burgdorferi CA (Fig. 313) . Unspecific antibody reactions to the 60-kDa band of B. burgdorferi in WB studies have been reported by others (4, 31 (10) .
